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Tf fTrP HF THF. INVENTION 

PROCESS OF PREPARING PHENYL HETEROCYCLES USEFUL AS 
COX-2 INHIBITORS 

5 R AflKGRQUN T* OF THF. INVENTION 

This invention concerns a process for making certain anti- 
inflammatory compounds. In particular, the application concerns a 
process for making compounds of formula I as disclosed hereinunder, 
which compounds are potent cyclooxygenase-2 inhibitors. 

10 Non-steroidal, anti inflammatory drugs exert most of their 

anti inflammatory, analgesic and antipyretic activity and inhibit 
hormone-induced uterine contractions and certain types of cancer 
growth through inhibition of prostaglandin G/H synthase, also known as 
cyclooxygenase. Up until recently, only one form of cyclooxygenase 

15 had been characterized, this corresponding to cyclooxygenase- 1 or the 
constitutive enzyme, as originally identified in bovine seminal vesicles. 
Recently the gene for a second inducible form of cyclooxygenase 
(cyclooxygenase-2) has been cloned, sequenced and characterized from 
chicken, murine and human sources. This enzyme is distinct from the 

20 cyclooxygenase- 1 which has now also been cloned, sequenced and 

characterized from sheep, murine and human sources. The second form 
of cyclooxygenase, cyclooxygenase-2, is rapidly and readily inducible 
by a number of agents including mitogens, endotoxin, hormones, 
cytokines and growth factors. As prostaglandins have both 

25 physiological and pathological roles, we have concluded that the 

constitutive enzyme, cyclooxygenase- 1, is responsible, in large part, for 
endogenous basal release of prostaglandins and hence is important in 
their physiological functions such as the maintenance of gastrointestinal 
integrity and renal blood flow. In contrast, we have concluded that the 

30 inducible form, cyclooxygenase-2, is mainly responsible for the 
pathological effects of prostaglandins where rapid induction of the 
enzyme would occur in response to such agents as inflammatory agents, 
hormones, growth factors, and cytokines. Thus, a selective inhibitor of 
cyclooxygenase-2 will have similar anti inflammatory, antipyretic and 



4 
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analgesic properties to a conventional non-steroidal anti inflammatory 
drug, and in addition would inhibit hormone-induced uterine 
contractions and have potential anti-cancer effects, but will have a 
diminished ability to induce some of the mechanism-based side effects. 
5 In particular, such a compound should have a reduced potential for 
gastrointestinal toxicity, a reduced potential for renal side effects, a 
reduced effect on bleeding times and possibly a lessened ability to induce 
asthma attacks in aspirin-sensitive asthmatic subjects. 

WO 94/ 15932 published July 21, 1994 discloses a multi- 

10 step method of making bi-aryl furans via bi-aryl lactones, which method 
utilizes a keto-ester internal cyclization to the lactone. We have found 
that a significant amount of undesired by-products are produced by use 
of the disclosed process scheme, due to the external cyclization reactions 
which compete with the desired internal cyclization. While these by- 

15 products can be removed by suitable separation and purification 

techniques, we have sought to identify alternative processes to obviate 
the difficulties. Use of compounds of Formula I as cyclooxygenase-2 
inhibitors and methods of making them are disclosed in us 5,474,995, 
which is hereby incorporated by reference. 

20 

S UMMARY QF THE INVENTIO N 

The invention encompasses a process for making 
compounds of Formula I useful in the treatment of inflammation and 
other cyclooxygenase-2 mediated diseases. 




25 
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DETAILED DESCRIPTION OF THE INVENTION 

In a first aspect, the invention encompasses a process for 
making compounds of Formula I useful in the treatment of 
inflammation and other cyclooxygenase-2 mediated diseases 



S(0) 2 CH 3 




R2 is organic group such as mono- or di 
substituted phenyl wherein the substituent is selected from the 
group consisting of 
10 (1) hydrogen, 

(2) halo, 

(3) Cl-6alkoxy, 

(4) Cl-6alkylthio, 

(5) CN, 

15 (6) CF3, and 

(7) Cl-6alkyl, 
R3 and R3' are each independently selected from hydrogen and 
Cl-4alkyl, 

comprising: 



20 



(bl) reacting in an inert solvent in the presence of Acetyl chloride 
and Aluminum chloride, thioanisole 
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to yield a compound of Formula 3 

SCH 3 




For purposes of this specification, the inert solvent shall be 
5 defined to include ortho di-chlorobenzene, methylene chloride and 
chloroform. Ortho di-chlorobenzene is preferred. The molar ratio of 
Acetyl chloride to thioanisole is typically 0.9:1 to 1.5:1. Preferably 
excess Acetyl chloride (e.g. 1.2:1) is used. The mole ratio of Aluminum 
chloride to thioanisole is typically 0.9:1 to 1.5:1. Preferably excess 
10 Aluminum chloride (e.g. 1.2:1) is used. 

(b2) reacting in an inert solvent in the presence of a phase 
transfer catalyst, and an oxidizing agent, compound of 
Formula 3 to yield a compound of Formula 4 



S(0) 2 CH 3 




15 



For purposes of this specification the phase transfer catalyst 
is defined to include tricaprylylmethyl ammonium chloride (ALIQUAT) 
and tetrabutylammonium bromide. For purposes of this specification 
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the oxidizing agent is hydrogen peroxide. The oxidizing agent is 
optionally accompanied by sodium tungstate or other appropriate 
catalyst. The molar ratio of Formula 3 to oxidizing agent is typically 
0.5:1 to 0.5 to 2. The amount of tungstate is typically 1 to 3 weight % 
5 of the amount of Formula 3. The amount of phase transfer catalyst used 
is typically 1 to 10 weight % of Formula 3. 

(b3) reacting in aqueous acetic acid a compound of Formula 4 
with Bromine to yield a compound of Formula 2 




R 3 R 3 ' 



The molar ratio of bromine to Formula 4 is typically 0.9:1 
to 1 . 1 : 1 . Hydrogen bromide may be optionally added to initiate the 
reaction. 

15 (b4) reacting in N,N-dimethylformamide a compound of Formula 2 

with an acetic acid derivative of formula 

R 2 ^C0 2 H 

in the presence of an inorganic base to produce a compound of 
Formula 5a 
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S(0) 2 CH 3 




R 3 R 3 0 
5a 

5 For purposes of this specification, the inorganic base shall 

include Sodium hydroxide. The molar ratio of the phenyl acetic acid to 
compound of Formula 2 is typically 0.8:1 to 1:0.8. Preferably, excess 
phenyl acetic acid is used (e.g. 1.3:1). The molar ratio of inorganic 
base to Formula 2 is typically about 1:1. Preferably excess inorganic 
10 base is used (about 1.1:1). 

(b5) treating in a polar aprotic solvent the compound 5a with an 
organic base to yield a compound of Formula I. 

15 For purposes of this specification, the polar aprotic solvent 

includes N,N-dimethylformamide, dimethylformamide, 
dimethylacetamide and N-methylpyrrolidone. The organic base includes 
diisopropylamine. 

The resulting compound of Formula I can then be 

20 crystallized from the product of step (b5), preferably at 40 to 60 °C. 
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CH3COCI 




4 
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Friedpl-Crafts Acvlation 

The synthesis of bromoketone 2 begins with the Friedel- 
5 Crafts reaction between thioanisole and acetyl chloride, to give 4- 
(methylthio)acetophenone 3 herein referred to as ketosulfide 3). 

The Friedel-Crafts acylation of thioanisole (AICI3- 
CH3COC1, o-DCB) provided ketosulfide 3 selectively (>100:1 
para:ortho). After aqueous workup the layers were separated and the o- 
10 DCB solution of ketosulfide 3 (97.5 % assay yield) was carried on 
directly to the next step. 

CH3COCI c 

O'C 3 u 

15 The Friedel-Crafts reaction involves pre- forming the 

AlCl3-acetyl chloride complex in o-DCB (about 1.2 equiv. of each 
reagent), followed by addition of thioanisole (1 equiv.). Both of these 
steps are exothermic and temperature control is desirable. 

The use of o-DCB introduces a potential problem, namely 
20 solvent acylation by the AlCl3-acetyl chloride complex, to give 
dichloroacetophenone. The formation of dichloroacetophenone is 
effectively minimized by conducting the acylation at -5 to 30°C 
preferably -5 to 25°C 

The reaction was usually complete within 30 min after the 
25 thioanisole addition. 

The reaction was quenched by slow transfer into water 
(exothermic). Applicants have found it desirable to maintain at 25°C or 
below. 



30 



Sulfide Oxidation 
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H 2 0 2 



m«c ^ 5mol%Na 2 W0 4 „ _ 

XjL A,iquat336 

3 O 



o-DCB 




The Friedel-Crafts procedure provided a solution of 
ketosulfide 3 in o-dichlorobenzene which was to be oxidized directly. 

5 The oxidation was carried out by adding aqueous hydrogen peroxide to 
a mixture consisting of the ketosulfide, o-DCB, water with sodium 
tungstate, and ALIQUAT 336 as the phase transfer catalyst. 
Ketosulfone 4 was isolated in 88% yield. 

The oxidation was carried out using approximately 1-5 

10 wt% sodium tungstate relative to the ketosulfide. Minimization of the 
catalyst charge was deemed desirable because preliminary results 
indicated that tungsten might be trapped in the isolated ketosulfone. 

The reaction" had an induction period of approximately 15 
minutes and it is important to establish that the reaction is underway 

15 before charging the full amount of peroxide since initiation of the 

exothermic reaction at a late stage was potentially hazardous. Oxidation 
of the sulfide to sulfoxide and the sulfoxide to sulfone were carried out 
such that both occurred rapidly, thus avoiding a buildup of H2O2 after 
the first oxidation. This was achieved by addition of H2O2 to the 

20 substrate-Na2W04-ALIQUAT 336 mixture at elevated temperature. 
Once the oxidation is running, the exotherm maintained the temperature 
and sometimes cooling was necessary to maintain a reaction temperature 
of 45°-50°C. Heat was used during the 1-2 hour age to maintain the 
desired temperature range. 

25 The method of product isolation is based on the solubility 

of the ketosulfone in o-DCB. As the oxidation neared completion, the 
ketosulfone precipitates from the reaction mixture. At the end of the 
reaction, excess H2O2 is destroyed by reaction with aqueous NaHS03, 
and the product is isolated by filtration of the three phase mixture. The 

30 cake is washed with IPA to remove water and o-DCB and was dried, in 
vacuo, to give the product in 86-90% yield. 
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Bromination 

The direct bromination of the ketosulfone 4 with bromine 
in HOAc, initiated with HBr and carried out at ambient temperature, 
5 gave a 93% conversion to 2-bromo-4-(methylsulfonyl)acetophenone 2 
(herein on referred to as bromoketone 2). 




10 0.96-0.98 equivalents of bromine relative to ketosulfone 

results in a 93% conversion to bromoketone. Further addition of 
bromine tends to increase amounts of dibromoketone. The bromination 
reaction has an induction period ranging from 1-15 minutes on average. 
The reaction is exothermic and is preferably controlled to 25 to 24°C 

15 Addition of water (1 vol) to the slurry in HOAc followed 

by filtration provided an 87% yield of bromoketone 2, 

Brominations in acetic acid carried out at preferably 22- 
24°C at concentrations ranging from 3-10 ml acetic acid per gram of 
ketosulfone. 

20 

Coupling-Cvclization 

Applicants have surprisingly found that the cyclization 
reaction was significantly faster in amide solvents (DMF, NMP, DMAC) 
than in ACN- Clean coupling reactions are achieved using amine bases, 

25 inorganic bases and AMBERLITE IRA 900. Inorganic bases are 

preferred for the coupling since the presence of amine hydrobromide 
salts (formed during coupling using amine bases) retarded the 
cyclization reaction. In the cyclization reaction, amine bases are 
surprisingly superior to inorganic bases such as carbonates and 

30 bicarbonates, in terms of product purity. The fastest and cleanest 
reaction was obtained using diisopropylamine. 
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The reaction sequence was carried out as follows. Sodium 
phenylacetate was generated in situ by reaction of phenylacetic acid with 
NaOH at 40°C. Addition of the bromoketone 2 effected rapid coupling 
to give 4-(methylsulfonyl)benzoylmethyl phenylacetate 5 (herein 
5 referred to as phenylacetic ester 5) which is then cyclized using 

diispropylamine (DIA) at 45°C. The product 1 was isolated by direct 
crystallization from the reaction mixture after addition of aqueous HC1 
and water. 




The use of sodium phenylacetate in the coupling reaction 
with the bromoketone 2 is important due to the high solubility of NaBr 
(formed during the coupling reaction) in DMF. NaHC03-phenylacetic 

15 acid could be used but the coupling reaction was slow. Potassium 
phenylacetate (generated in situ from phenylacetic acid and KOH) or 
KHC03-phenylacetic acid should not be used as this results in 
precipitation of KBr, which is trapped in the product during the quench. 

The coupling-cyclization sequence is preferably carried out 

20 using de-gassed DMF as solvent, since this was found to be advantageous 
in terms of product color. To avoid color impurities the solvent is 
degassed such as by nitrogen sparging. 

The cyclization reaction is carried out using approximately 
3 equiv. of DIA at 45°C. The coupling product (phenylacetic ester 5) is 

25 rapidly converted into the aldol intermediates 6 which are then 
converted into compound 1. 
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6 S0 2 Me 

A cyclization reaction run at 40°C usually required 4.5 
hours for complete conversion. Cyclization reactions using 
5 approximately 2 equiv of DIA or 2.5 equiv. of DIA at 45°C required 
approx. 4.25 h for complete reaction and provided Compound 1 in 
comparable yield and quality to that obtained using 3 equivalents of 
base. 

The reaction was quenched by the addition of aq. 2N HC1 
10 (3.5 equiv. relative to bromoketone) at 20-30°C. This serves to 
neutralize the DIA and to effect product crystallization. 

Final Product Recrvstallization 

Acetone and IPA has proven to be an excellent solvent 

15 combination for the recrystallization in terms of yield (90-92%), 
impurity rejection and color rejection. However, the moderate 
solubility of Compound 1 in acetone (approx. 25 mg/ml at 25 °C) 
requires a large volume of solvent for batch dissolution and filtration. 
Subsequent concentration (vacuum distillation) increases processing 

20 time, and the need to separate and recycle acetone and IPA by 
distillation adds to cost and reduces efficiency. 

A solution to the productivity issue requires a solvent in 
which Compound 1 is highly soluble. It has been surprisingly found 
that DMF-H20 is an excellent solvent combination for the 

25 recrystallization in terms of yield (>95%), and impurity and color 
rejection. In general, however, use of DMF will result in a high level 
of residual solvent in the crystalized product. We have surprisingly 
found that when crystallization is carried out at 40 to 60 °C, we 
experienc little entrapment of solvent (less than 0.2%). In comparison, 
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when the crystallization is carried out at room temperature, there is 
significant solvent entrapment (approximately 1 to 2%). Compound 1 
has high solubility (135 mg/mL at 25°C) in DMF, which is well 
tolerated in the final product. Semi-pure Compound 1 is dissolved in 

5 DMF (6.5 mL/g, 50°C). The solution is filtered, to remove any 
extraneous matter, and water (8 mL/g) is slowly added (1 h) while 
maintaining the solution temperature at 50*C. The mixture is cooled to 
25*C, aged 30 min and filtered. The cake is washed with DMF-H2O 
(1:3). H2O, and IP A, and then dried under vacuum (25'C) to give pure 

10 Compound 1 (98 % yield). 

After the water addition the batch was cooled to 25°C and 
aged for 30 min prior to filtration. The batch is filtered and the cake 
was washed with DMF-H2O (1:2), H2O, and then IPA. The solid was 
then dried in a vacuum oven at 25°C to give the final product in 98% 

15 yield. 



20 



Synthesis nf Ke tosulnhide 3 

CH 

AICI3 



CH3COC! M ~ _ 

MeS^ AICI3 MeS Y^il 



3 O 



MW 


mol 


equ 


amount 


124.21 


16.10 


1.0 


2kg 


78.5 


19.34 


1.2 


1.375 L 


133.3 


19.34 


1.2 


2.58 kg 








25 L 








31 L 



Thioanisole 
Acetyl chloride 
25 Aluminum chloride 
o-DCB 
Water 

A 50 L 4-neck round bottom flask equipped with a 
30 mechanical stirrer, N2 line, and temperature probe was charged with o- 
DCB. The solution was cooled to -5 6 C and AICI3 was added. 

Acetyl chloride was added, neat, via addition funnel, over 
a period of 10 min. 
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The resulting suspension was cooled to -5 a C and thioanisole 
was added, via addition funnel, over 40 min. 

Toward the end of the thioanisole addition a very heavy 
yellow slurry had formed. Efficient stirring was required (high torque 
5 mechanical stirrer). The slurry was aged at -2"C to +2°C for 60 min. 

A 50 L 4-neck round bottom flask equipped with a 
mechanical stirrer and temperature probe, was charged with H2O (15 
L) which was then cooled to 10 8 C. The reaction mixture (temperature 
adjusted to +2°C so that the slurry is mobile enough to be transferred) 
10 was transferred slowly into the water (over 1 h), via wide bore teflon 
cannula, while stirring vigorously. The residual reaction mixture in the 
vessel was quenched with H2O (2 L), which was then transferred to the 
quench mixture. During the quench the solution temperature was 
maintained between 10-22°C by controlling the rate of addition and by 
15 external cooling (ice-brine cooling bath). 

The mixture was stirred vigorously at 10-25'C for 1.5 h. 

The mixture was transferred into a 100 L extraction vessel 
20 and the layers were separated. The o-DCB layer (bottom layer) was 
charged into the extraction vessel, H2O (7 L) was added and the mixture 
was stirred for 5 min at 25°C. The layers were separated and the o- 
DCB layer was analyzed by HPLC. A quantitative assay relative to a 
chromatographed standard indicated the formation of 2.61 kg of 
25 ketosulfide 3, a 97.5% assay yield. 



The o-DCB solution of product was taken on directly to the next step. 



30 



Preparation of Ketosulfone 4 



MeS 




If' 



H 2 0 2 
Na 2 W0 4 
Aliquat 336 

o-DCB 



Me0 2 S 




4 O 
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PRQCEDURE 



MW 


mol 


equ 


amount 


Ketosulfide 166.23 


0.59 


1.0 


98 g 


Na2W04.2H20 329.86 


0.003 


0.015 


1.0 g 


Aliquat 336 404.17 


0.012 


0.02 


5.0 g 


Aqueous 30% H202 34.02 


1.47 


2.5 


150 mL 


Aqueous 20% NaHS03 






152 mL 


IPA 






300 mL 


H20 






300 mL 


Sulfuric acid (1M) 






7 mL 



A 1 L 3-neck round bottom flask equipped with a 
mechanical stirrer, temperature probe, addition funnel, and N2 inlet was 
charged with sodium tungstate dihydrate (l.Og as a solution in 20 ml 
H2O), sulfuric acid (1M, 4 mL), ketosulfide solution (1L of an o-DCB 
solution, 98g, 1 equiv.) and Aliquat 336. 

The mixture was heated under a nitrogen atmosphere to 
45*C. An addition funnel was charged with 150 ml aqueous 30% 
hydrogen peroxide and 15 ml was added to the ketosulfide-Na2W04 
mixture. The reaction was aged for 15 minutes and sampled. 

The remainder of the hydrogen peroxide (135 ml) was 
added over 1 hour at a temperature of 45"C. The reaction was aged for 
30 minutes and assayed. 

The mixture was cooled to 18°C. The unreacted peroxide 
was quenched by the slow addition of aqueous 20 wt% sodium bisulfite 
solution. The temperature was maintained under 25 D C 

The mixture was aged for 30 min at 22°C and was then 
filtered. The wet cake was washed once with H2O (100 mL) and once 
with IPA (300 ml) and was then dried in vacuo at 40°C (nitrogen sweep) 
to give 104.7 g of ketosulfone (89.6% yield from thioanisole). 
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Synthesis of Brom ketone 2 
Me0 2 S 



Ketosulfone 4 
Bromine 

Aqueous 48% HBr 
10 Acetic acid 
Water 

HOAc:H20(l:l) 



Br 2 
HOAc 



Y 






0 




2 


MW 


mmol 


equ 


198.23 


0.522 


1.0 


159.82 


0.506 


0.97 



O 

amount 

103.5 g 
80.89 g 
0.5 mL 
500 mL 
700 mL 
200 mL 



A 2 L 3-neck round bottom flask equipped with a 
15 mechanical stirrer, temperature probe, addition funnel, and N2 inlet was 
charged with glacial acetic acid, ketosulfone and aq. 48% HBr. 

An addition funnel was charged with bromine. A 10% (8.1 
g) charge of bromine gave an orange slurry which was aged 30 min at 
25°C and was then sampled. 
20 The bromination reaction has an induction period of 1-15 

min after which bromine was rapidly consumed as it was added. 
Hie remainder of the bromine was added over 50 min at 20-25°C. The 
resulting pale yellow slurry was aged for 2 h at 22-25°C. 

After ageing the mixture for 2-3 h the batch was filtered. 
25 The wet cake was washed once with 200 mL of 1 : 1 H20:HOAc and once 
with H2O (200 mL). The cake was dried in vacuo at 40°C with a N2 
sweep to give 126.0 g of bromoketone (87%). 
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PREPARATION OF Compound 1 




O 



5 



MW 


mmol 


equ 


amount 


Bromoketone 2 277. 1 3 


30 


1.0 


8.31 g 


Phenylacetic acid 1 36. 1 5 


39 


1.3 


5.31 g 


NaOH (50 wt%) 


33 


1.1 


1.73 mL 


Diisopropylamine (DIA) 


101.19 


90 


3.0 12.6 mL 


DMF 






152.5 mL 


2NHC1 


105 


3.5 


52.5 mL 


H20 






32 mL 


IPA 






27.5 mL 



A 500 mL, baffled, 3-neck round bottom flask equipped 
with a mechanical stirrer, temperature probe, and nitrogen inlet was 
charged with phenylacetic acid and DMF (150 mL). The reaction vessel 
20 was flushed with N2- 

To the solution was added 50 wt% NaOH, resulting in a 
biphasic mixture. The resulting mixture was stirred vigorously at 4 °C 
for one hour. 

The bromoketone 2 was added to the sodium phenylacetate 

25 solution. 

The reaction flask was protected from the light due to the 
known light sensitivity of Compound 1. Diisopropylamine (DIA) was 
added via syringe (no exotherm), and the batch was aged at 45°C for 3.5 
hours. 
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The reaction solution was cooled to 20-25°C, and 2N HC1 
was added over 1 h via addition funnel, maintaining the temperature 
between 20 and 30°C. 

The product was further precipitated by addition of water 
5 (32 mL, via addition funnel) to the reaction slurry over 1 hour. 

After ageing 1-2 hours at 25°C, the batch was filtered. The 
mother liquors were recycled to remove all of the product from the 
flask. The wet cake was washed once with 10 mL of 1:3 DMFrlPA and 
once with 20 mL IPA. The cake was dried by suction, to give 7.36 g of 
10 semi-pure Compound 1 (78%). 

RECRYSTALLIZATION OF Compound 1 

MW mol equ amount 



15 



20 



Semi-pure Compound 1 314 3.18 1.0 lkg 
DMF 6.67 L 

H20 11.83 L 

isopropyl alcohol 2 L 



A 12 L 4 neck round bottom flask equipped with a 
mechanical stirrer, temperature probe and nitrogen inlet was charged 
with semi-pure Compound 1 and DMF (5.5 L). The mixture was heated 
to 52°C over 20 min. 

25 The solution was filtered into a 20 L 4-necked RB flask 

(equipped with a mechanical stirrer, nitrogen inlet, vacuum inlet and 
thermocouple) via an in line 1 micron filter. The vessel and line was 
flushed with 500 mL of DMF. The solution temperature was adjusted to 
52°C and then water (7.5 L) was added via peristaltic pump, over 90 

30 min. 

During the water addition, the temperature was maintained 
between 49°C and 52°C. Crystals began to form after approximately 
10% of the water was added. 

The resulting slurry was allowed to cool to 25°C over 90 

35 min. 
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The slurry was filtered, the cake was washed with DMF- 
H20 (1:2, 2 L), H20 (3 L), and then with 2 L IPA. The solid was dried 
for 12 h under vacuum at 25°C, to give 980 g (98%) of compound 1 as 
a pale yellow solid. 

5 

The following abbreviations have the indicated meanings: 



Ac 


acetyl 


Aliquat = 


tricaprylylmethyl ammonium chloride 


DIA = 


diisopropylamine (also called DIP A) 


DMAC = 


N.Ndimethylacetamide 


DMAP = 


4-(dimethylamino)pyridine 


DMF = 


N,N-dimethylformamide 


HOAc = 


Acetic acid 


IPA 


isopropyl alcohol 


NMP = 


1 -methyl-2-py rrolidinone 


NSAID = 


non-steroidal anti-inflammatory drug 


oDCB = 


ortho di-chloro benzene 


THF = 


tetrahydrofuran 
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WHATIS CLAIMED IS: 

1 . A method of making compounds of Formula I 



S(0) 2 CH 3 




wherein 

R2 is mono- or di-substituted phenyl wherein the substituent is 
selected from the group consisting of 
(1) hydrogen, 
10 (2) halo, 

(3) Cl-6alkoxy, 

(4) Cl-6alkylthio, 

(5) CN, 

(6) CF3, and 
15 (7) Cl-6alkyl, 

R3 and R3' are each independently selected from hydrogen and 
Cl-4alkyl, 
comprising: 

(b4) reacting in N,N-dimethylformamide a compound of Formula 2 



WO 98/00416 



PCTAIS97/11466 




with a phenyl acetic acid of formula 



W X0 2 H 



10 



in the presence of an inorganic base to produce a compound of 
Formula 5a 



S(0) 2 CH 3 




R 3 R 3 '0 



5a 



(b5) treating in polar aprotic solvent the compound 5a with an 
organic base to yield a compound of Formula I. 



2. A method according to Claim 1 wherein the inorganic 
15 base is sodium hydroxide. 



3. A method according to Claim 1 wherein the polar 
aprotic solvent is N,N-dimethylformaide. 
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4. A method according to Claim 1 wherein step (b5) is 
followed by crystallization at conducted at approximately 40 to 60 °C. 



5. A method according to Claim 1 wherein 
5 R2 is mono- or di-substituted phenyl wherein the substituent is 

selected from the group consisting of 

(1) hydrogen, 

(2) halo, 

(3) methoxy, 
10 (4) methyl, 

R3 and R3' are both hydrogen or are both methyl. 



6. A method according to Claim 1 wherein 
R2 is mono- or di-substituted phenyl wherein the substituent is 
15 selected from the group consisting of 

(1) hydrogen, 

(2) halo, 

R3 and R3' are both hydrogen or are both methyl. 



20 7. A method according to 1 wherein the compound of 

Formula I is 

(a) 5,5-Dimethyl-3-(3-fluorophenyl)-4-(4- 
methylsulfonyl)phenyl)-2-(5//)-furanone, or 

(b) 3-phenyl-4-(4.(methylsulfonyl)phenyl)-2-(5^)- 
25 furanone. 

8. A method according to Claim 1 comprising 
(b3) reacting in aqueous acetic acid a compound of Formula 4 
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S(0) 2 CH 3 




O 



with Bromine to yield a compound of Formula 2 

S(0) 2 CH 3 




(b4) reacting in N,N-dimethylformamide a compound of Formula 2 
with a phenyl acetic acid of formula 



X0 2 H 

in the presence of an inorganic base to produce a compound of 
Formula 5a 



S(0) 2 CH 3 




10 



R R^O 



5a 
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(b5) treating in polar aprotic solvent the compound 5a with an 
organic base to yield a compound of Formula I. 

9. A method according to Claim 8 wherein the phase 

5 transfer catalyst of step (b2) is tricaprylylmethyl ammonium chloride, 
sodium tungstate is added in step (b2) to catalyze the oxidation and 
hydrogen bromide is added in step (b3) to initiate the reaction. 

10. A method according to Claim 9 comprising 

10 (b2) reacting in an inert solvent in the presence of a phase 

transfer catalyst, and an oxidizing agent, compound of 
Formula 3 to yield a compound of Formula 4 



S(0) 2 CH 3 




(b3) reacting in aqueous acetic acid a compound of Formula 4 

S(0) 2 CH 3 




15 4 

with Bromine to yield a compound of Formula 2 
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10 




(b4) reacting in N,N-dimethylformamide a compound of Formula 2 
with a phenyl acetic acid of formula 

R 2/ ^C0 2 H 

in the presence of an inorganic base to produce a compound of 
Formula 5a 

In a first aspect, the invention encompasses a process for making 
compounds of Formula I useful in the treatment of inflammation and 
other cyclooxygenase-2 mediated diseases 



S(0) 2 CH 3 




R R 3 '0 



5a 



15 (b5) treating in polar aprotic solvent the compound 5a with an 

organic base to yield a compound of Formula I. 

11. A method according to Claim 10 wherein the inert solvent is 
ortho di-chlorobenzene, the phase transfer catalyst is 
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tricaprylylmethyl ammonium chloride, and the oxidizing 
agent is hydrogen peroxide. 
12. A process according to Claim 1 1 of making a compound of 
Formula I 



S(0) 2 CH 3 




R.2 is reaction stable organic group such as mono- or di 
substituted phenyl wherein the substituent is selected from the 
group consisting of 
10 (1) hydrogen, 

(2) halo, 

(3) Cl-6alkoxy, 

(4) Ci-6alkylthio, 

(5) CN, 

15 (6) CF3, and 

(7) Ci-6alkyl, 
R3 and R3' are each independently selected from hydrogen and 
Cl-4alkyl, 

comprising: 



(bl) reacting in an inert solvent in the presence of Acetyl chloride 
and Aluminum chloride, thioanisole 
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to yield a compound of Formula 

SCH 3 




(b2) reacting in an inert solvent in the presence of a phase 
transfer catalyst, and an oxidizing agent, compound of 
Formula 3 to yield a compound of Formula 4 



S(0) 2 CH 3 




10 



(b3) reacting in aqueous acetic acid a compound of Formula 4 
with Bromine to yield a compound of Formula 2 
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(b4) reacting in N,N-dimethylformamide a compound of 
Formula 2 
with an acetic acid derivative of formula 



R "C0 2 H 



in the presence of an inorganic base to produce a compound of 
Formula 5a 

S(0) 2 CH 3 



10 



R 3 R 3 '0 
5a 

(b5) treating in a polar aprotic solvent the compound 5a with an 
organic base to yield a compound of Formula I. 
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